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for 

Bureau of Aeronautics, Navy Department 
DRAG IlEASURSIffiNTS OF A PROTRUDING . 50-CALIBER 
MACiilNS GUN WITH 3/\RREL JAGI'CST REMOVED 
By Arvo A. Luoma 
SUMMARY 

Tests were made in the NAG A 8-foot high-speed tunnel to 
deterviiine the drag reduction possible by eliminating the 
barrel jacket of a orotruding .50-caliber aircraft gun. 

It was found that the drag of a standard aircraft frnn 
protruding into the air stream at right angles to the flow 
can be reduced by 23 percent by discarding the barrel jacket. 
At 550 miles per hour and sea-level conditions this Simoiints 
to a drop in drag from 83 to Q4 pounds and a decrease in 
horsepower absorbed by drag from 78 to 60 horsepower. 

A rough surface finish on the barrel was found to have 
no adverse effects on the drag of the barrel, the drag being 
actually less at high Mach nurabers. The significance of this 
is that, as far as aerodynamic considerations are involved, a 
barrel finish produced by a rough machining operation is no 
worse - but probably somewhat better - than one produced by a 
fine machining operation, 

INTRODUCTION 

At the request of the Bureau of .aeronautics , Navy Deparbucn.t 



tests were made in the NAGA 8-foot high-speed tunnel to deter- 
iulne t}:w crag reduction ooasible by elinlnating the barrel 
jaclcet of a protruding .50-caliber aircraft p;un. Accordin.p; 
to ta^^ "Hiivy Departjrient, ririxip- tests ha\ e shown that the dis- 
persion patborns of a oO-c^liber aircraft gun wMch had been 
Moclified by removing the jacket and substituting a short 
bearing forv/ard of thc-^ trimnion are equally as /rpod as those 
of the standard gun. 

In rGfer^:^nco 1 the air drap; of a standard •^O-caliber air- 
craft gun was determined, as /^ell as the basic data necessary to 
permit the ci:lcuiaticn of the pov;er tc drive such ::rotruding 
gims when used in power-operated turrets. In the present tests 
similar daba v/ere obtained for a .^O-c^liber aircraft rrun with 
the b.:.rrei jacket relieved. llie effect on drag of roughness on 
the barrel siD^face (e,g., roughness due to coarse machining 
oner 'ivtions ) was also deter.niined, 

r 

APPARATUS AND ?.IETKODS 

These te;^ts were made in bhe NaO.-i 8-foot high-soeed tunnel- 
Tlxis is a single-return, circular-section, closed- throat tunnel 
and has ar. airspeed cor^ tinuously controllable from aT)prc.ximately 
75 to more than 5^0 miles per hour. 

A oO-caliber aircraft ;:un, which, the Aircraft Armament Unit, 
Is'aval Air Station, IJorfollc, Va,, modified by removinp, the 
barrel jacket, was used in the tests • However, the short 
bearing, which was substituted for the barrel jacket and which 
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was located for.vard of the trunnion, was not included on the 
wind-tunnel model. vVi th the gun pivoted as shown in figure 1 
and when nerpendi cular to the air flov7-, the bearing would have 
projected aoproxiraately 1 inch into the stream boundary layer - 
which Is about 5 Inches thick - on the tunnel wall, and the 
increjaent of drag due to the protruding part of the bearing in 
the lov;-velccity air of the boundary layer would be negligible. 
Moreover, when the gun barrel is swung through an an-le range, 
the bearing rioves conpletely out of the air stream. It was 
decided, therefore, not to represent the bearing on the model . 
The model setup and the method of testing were the same as in 
reference 1. The same angle range was covered but higher 
speeds were included. 

RESULTS AWu DISCUSSION 
The foj. lowing symbols are used (see fig. 1): 
a angle made by the barrel of the machine gun with the 

perpendicular to the air flow; the angle of the gun is 
positive vvhen the gmi muzzle points into the air stream 
L length of gun protruding into air stream, measured along 

giin axis 

Da average outside dif;imetor of length of barrel L pro- 
truding into air stream 

A axial cross-section area of barrel in air stream; this 
area Is equal to L x 
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•Cp drag coefficient ba.sed on area A 

eros.s-wlnd force coefficient based on area A; (see 

fig. 1 for definition of positive direction) 
I proj'^ction of length L on plane pcirpendicui -'ar to 

air flov/ (I = L cos a) 
d 4i stance, from tcp of tiinnel wall to center of nressure 

of resultant air force on ;;un axis, measured pai»allel 

tn I 

c ent e r - of - pr o s s ur e c oeff i c i e nt ( d/ 1 ) 

velocity in the undisturbed stream 
a speed «f souiid 

M Mach number (V^/a) 

The drag, cross-wind force, and center-of -pr3srjure coef- 
ficients for the t ^^''^'^li'^^®!' machine gun without barrel jacket 
are shown plotted ap;ainst Mach number in figure 2 for several 
angles a. As was the case in reference 1, the force coef- 
ficients are bailed on the axial cross-section area of the gun 
in the air stream. The area of the plain barrel is about 
^3 percent less than the corresponding area of the standard 
gun • 

A co:ru-;arl^:on of the dr'^g coefficient variation with Mach 
number (fig^ 2) for equal positive and negative values of 
angle shows quite unexpected differences. Except for an 
angle of 6o^, the curves for angles with the .^-^un barrel 
pointing aft sh^^w the sharp rise in drag coefficient 
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associated v;ith Mach mjjabor effects for speeds beyond the 
critical speed. For th-i forward (positive) angles, however, 
tliis riSG in drag coefficient is much more gradual or entirely 
lackirg. ^ji explanation for this difference is not possible 
from the data obtained. It may be suggested, however, that, 
in addition to the complication of three-dim'^)-;sional flow, 
the taper in the gun barrel and the air leakage through the 
small clearance gap between the gun barrel and the tunnel 
wall may have produced - or aided in r^roducing sufficient 
change in the type of air flow, and hence separation phenomena, 
about the gun to acco'ant for the difference in drag behavior 
for positive and negative angles. One effect of taper in the 
barrel is that sections of the barrel exposed to the air flow 
are more streamlined when the gun points aft than v^hen it "olnts 
forward. Also, when the gun -noints forward there is a cross- 
flow tendency toward the brooch end and, when it points aft, 
toward the r.uizr^le end. 

Prom the data of figure 2 it is evident that critical 
Rejmolds number effects, characterized by an appreciable de- 
crease in drag coefficient with increase in Re^Tiolds niimber as 
exemplified by the drag data for the unslotted replica of 
reference 1, did not develop for the plain barrel because of 
the onset of compressibility phenomena at those speeds at 
which the drag decrease could be expected. For a given size 
of cylinder, critical Reynolds number effects can be made to 
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occur at lower velocities by incroaning the Initial tixrbxilence 
of t:it 3trr.8cv. or hj introducing roughness on the surface of 
the cylinder (reference 2). Recourss was made tc the 
second of these methods in an effort to decrease the b;:=rrel 
drag. Roughness was produced by sheUacid-ng the barrel sur- 
face and then dusting no. 60 carborundum grains uniformly on 
the v;et shellac. wTien dry, the shellac firmly bonded the 
grains to the barrel ourface. ^.v^ figure 2 illustrates, the 
disturbraico to the air flow Introduced by the carbormidum 
particles kvas not sufficiently great co decrease the critical 
Reynolds number. A larger size of carborundiom grain may have 
shown more favorable results. However, the test does bring 
out the fact that the drag of the barrel is not adversely 
affected by roughness, being actually less at high Mach num- 
bers. This means that, as far as aerodynamic considerations 
are involved, a bi-rrel finisii produced by a rough machining 
operation is no v/orse - but orobably somev/hat better •- than one 
produced by a fine machinirig operation. 

The drag coefficient of the plain barrel is about 29 per- 
cent greater than that of the standard g^an, but, since the ex- 
posed area in the air stream is reduced by jO percent when the 
barrel jacket is eliminated, there is an appreciable drop in 
pounds of drag for the gun without the jacket. The proper 
comparison of the drag of the machine gun with and v/ithout 
barrel jacket is brought out in figure 3 in which actu&X drag 
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in pounds is plotted against speed for sea-level conditions. 
Figures 3 I), aro based on the drag coefficient data of 

figure 2 and reference 1 for a = O^o In converting to sea- 
level conditions, the data were computed for the correct- Mach 
number. The Reynolds number for the flight sea-level excmple 
differs slightly from the values obtained in the v;ind-tunnel 
test at the sahie Mach niJLmbcr, but the effect of this difference 
is inappreciable on the vulue of the drag-force reduction due 
to the eifmination of the jacket. By eliminating the barrel 
jacket it is seen that the drag of the gun when vertical to the 
air flow is reduced by 2^ percent. At 350 miles per hour the 
drop in drag is from 83 rounds to 6I|. pounds. Also included 
in figure 3 tlie drag of the barrel when roughened v;ith 
carborundi:im grains. Above !|00 miles per hour there is a de- 
crease in drag due to roughness on the surface. This 
improvement may be due to less adverse separation chare.cter- 
istics when roughness is Introducedo Figure it shows the 
horsepower absorbed in air drag by a machine gun with and 
without barrel jacket. Eliminating the barrel jacket de- 
creases rhe horsepower absorbed in drag from 78 to 60 horse- 
power at 350 miles per hour* 

The ccnter-cf -pressure data shown in figure 2 are some- 
what less accurate because of smaller forces than the corre- 
sponding data for the standard gun of reference 1. The 
curve for 6o^ aft was not faired because of the scatter of the 
test points. 
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C0NCLU3I0IIS 

By ellmnatinc the barrel jacket of a .50-caliber air- 
craft gun, the drag was reduced 23 percent; or, at 55O miles 
per hour and sea-level conci-oions, the drag decreased from 

85 to 61^ pounds. 

A rough surface finish on the gun oarrel had no adverse 

^ effects on the drag. 
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